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THERAPEUTIC USE OF CIS-ELEMENT DECOYS IN VIVO

INTRODUCTION

Technical Field
The field of this invention is therapeutic treatment of disease with double

stranded nucleic acids which bind transcription factors.

Background
A wide variety of diseases result from the over- or under-expression of one or

more genes. Given cells may make insufficient amounts of a protein (e.g. insulin) or

"~ too much of a protein, ‘be it a normmal protein (e.g"TNF), a nrutant ‘protein (e7g. an

oncogene), or'‘a non-host ptotein ‘(e.g."HIV-tat). " The ultimate goal of therapeutic
intervention in such’disedses is a selective modulation of gene expression,

A variety of methods of transcriptional modulation in vitro have, Been. reported
including the use of anti-sense micleic acxds capable of binding. nascent message
mtraceﬂular fmmunization with dom.mant negatlve mutants. - J'f ° %‘f

’Wlth ‘the broad potential therapeutlc applications, massive effons have been
extended by promment laboratories, ‘and clinics around the world. 10 extend these

methods in V1vo To date, the transcnpnon factor decoy strategy has never been

successmuy aaoptea in vivo. -
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Relevamt Literature.

' Descnptlon of the roles of transcnpuon factors may be found in Nevins,

Sczence 258 424-429 (1992); Dalton EMBOJ 11, 11797 (1992); Yee et al. ibid. 6,

2061 (1987), Wemtraub etal, Narure 358 59-261 (1992) Pagano et al., Science 255,

. 1144-1 147 ( 1992) V1ra] coat protem-hposome medlated transfection is described by

) Kaneda et al Sczence 243 375 (1989) R.nzenthaler et al. (1991) Biochem. J 280,

157-162 thzenthaler et al (1993)./' BroI Chem 268, 13625:13631; Bielinska et al.,

| Scxence 16 997-1000 (1990) and Sullenger et al.,, Cell 63, 601-608 -(1990) describe
x mhlbmon of transcnptton w1th double stranded nuclelc acids.-

10 A general dxscussmn concermng the mechamsm of restenosis may be found in

. leby et al Czrculatzon 86 III-47 (1992) and Clowes .et al.,~J. Cardiovasc.

' Pharmacol 14 312 15 (1989) L ft e, o
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The 1nventxon prov:des for the therapeuttc treatment o,f dlseases assoclated with

FemenTy o -~.—.—- PRSI L

the bmdtng of endogenous transcnptlon factors to genes mvolved in cell growth,
o ‘ dtfferennanon and srgna]lmg or to viral genes. Methods and composmons are provided

“for blockmg the capacny of endogenous trans-actlvanng factors to modulate gene
o expressxon and thereby regulatmg pathologlcal processes tncludmg inflammation,

3
1ll 32,

20" intimal hyper;ﬂasm, angmgenesxs, neoplasxa, immune responses and viral mfectlon

PR S

The methods cornpnse adxmmstenng to a patlent double stranded nucletc acid B

"'decoys 1n a form such that the decoys are capable of entenng target cells of the
pattent and specrﬁcally bxndmg an endogenous transcnptlon factor, thereby
competmvely mh1b1t1ng the transcnptmn factor from bmdmg to an endogenous gene.
The decoys are adxmmstered m amounts and under condmons whereby blndmg of the
endogenous transcnptxon factor to “the endogenous gene 1s effectxvely competitively
a mhxblted wrthout sxgmﬁcant host tox1c1ty Dependmg on the transcrxptlon factor, the

methods can effect  up- or down-regulauon of gene expressron The subJect

Kl

.)0 pharmacokmeucs sufﬁcrent for effectxve therapeutlc use.
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DESCRIPTION OF SPECIFIC EMBODIMENTS

ol

Methods and composmons are prov1ded for modulatrng gene expressxon in vivo.
The methods mvolve admunstermg a cornposmon to a patrent s0 as to introduce into
a target cell molecular decoys compnsmg double stranded nucleic acrd usually DNA,
to which transcription factors endogenous to the target cell blnd Vanous methods are

emploved for in Vivo adimmstratron of the decovs ‘such that sufﬁcrent decoys enter into
the target cells to coxnpetmvel}, mhxbxt transcnptton'factor bmdmg to an endogenous

1= men 2 RS ] R AU A 0TRY o0

The composmons Wh]Ch are employed compnse‘ "decoys double-stranded
nucleic'atld molecutes with h1gh bmdmg aﬁ‘tmty for the targeted transcnpnon factors.

~The targeied’ transcnptrori factors are endogenous sequence speclﬁc double-stranded

O .

DNA btndmg proteins which modulate ('mcrease or decrease) the rate of transcription
of one or more speclﬁc genes in the target cell Essentially any such transcription

factor (herrceforth, "transcnptton‘factor ) can'be targeted so long as a specrﬁc decoy
LRI oI O Ur B
capable of compettvely mhrbmng bmdmg to the endogenous gene can be identified.

coea s opey 3t L Do

o , i
Numerous transcnpuon factors and their bmdmg sequences are known 1In the art as are

*thethods for 1dent1fymg such complements see e g Wang and Reed ( 1 993) Nature 364,

B Y;

121 and W11§ofi etal (1991) Scrence 252 1296 As usedherem, endogenous means

that the gene or tranScnonn factor 1S present in the target cell at the trrne the decoy

~ - - sime A e~ P ey o
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is 1ntroduced
el ' - PN T -
The transcnpnon factors w111 for the most part and dependmg on the clinical
mdlcatlon, regulate the transcnpuon of genes assoc1ated thh cell growth,

- B

d“xfferentxatton and srgnalhng or vual genes resrdent in the target cell Examples

a350c1ated w1th check pomts m the prohferanve cycle cyclms cyclm dependent

klnases, protems assoc1ated w1th complexes, where the cyclm or cdk is part of the
3

complex Rosenbl’att et aI Proc Natl. Acad Scz 89 2824 (1992) and Pagano et al.,

Sczence 255 1144 (1992) Often such genes or the transcnptron factors themselves

will be oncogene products or cellular counterparts e. g fos, Jun, myc etq Other

PPy l..J- ———— -_..--.12_...-...._.. 2 et e JE VR TP
Cz\dlll}llcb inciuac ECLILD ClILUULLLE Ol cilca I ut»uAa m‘u yhyuuu.b SucCii as nornones . K.

growth factors, cytokines, e.g. interleukins, clotting factors, etc. Target transcription
factors also include host and host-cell resident viral transcription factors which activate

viral genes present in infected host cells.

-
-3~
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R, Preferred—target tran.,cnptron factors are activated (i.e. made available in a form
| For

example asumulus such as a wound, a.llergen. infection, etc may activate a metabolic

capable “of bmdmg DNA) in a hmned number of specifically activated cells.

pathway that s tnggered by the transcient availability of one or more transcription

5 fae,tors..«Such transcription factors may be made available by a variety of mechanisms
S such’as rel'éase “from “sequestering agents or mlnbrtors (e.g. NF):B bound to IxB),
acnvatron by enzymes such. as. kmases, translanon of. cequestered message, etc.
Desirably, the" target transcription factor(s) will be’ assocrated wrth genes other than
genes whose laek “of expressxen results in cy‘totoxxcrty For the rnost part, it is
.10 - desxrable not-to kill the cell; but rather to mhrblt or activate specific gene transcription.
) Exemplary transcrrpnon ‘factors and related cis elements the cellular processes

rmpacted and therapeutrc indication rnclude _' R

Ci: s-'élernii't‘" “Cellular Process - 7 t Therapeutie‘,Anplicar_ion
Txn Faetor - ':_:‘ o L L ‘
: 15~ EZF . cell proliferation. .. _.. _ . ... “neointimal hyperplasia, neoplasia
" AT glOmenrlonephriris, angiogenesis,
17 mﬂammauon
AP:T. .o | cell growtts differentiation; ** - | neointimal hyperplasia, cardiac
growth factor expression -~ - --3 myocyte growth/differentiation - -
! 7 )
. _ NFkB _Cytokine expression, leukocyte _inf_lan:matipn, immune response,
S |:adhesion moleculeexpression,. * .| transplant rejection, ischemia-
-. - | oxidant stress response, cAMP .~ .| reperfusion injury,
. - 4 -and protein kinase C activation, glomerulonephritis
- Ig expression '
SSRE res‘;-)nnseAt_o.slregr stress: growth r_rei_:igrimal hyperplasia, bypass
' factor expression vasoactive grafts, angiogenesis, collateral
- - | substanees matrix protems formation.
o adhesion molecules. -
N ; F‘C_REB._Y_ . ”A cAMP response CAMP activated events
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MEF-2 cardiac myocyte differentiation cardiac myocyte differentiation
and hypertrophy and growth.
i CArG box | cardiac myocyte differentiation * . | cardiac myocyte growth and
Tl “differentiation.
tax “|"viral r:epli\céﬁo.ﬁi'. S ‘ ‘HT LV xnfectlon
o o . ST 2. ~ ~ " COnOLil el
5 ) VP16 | viral replication ;. ... -o. - | Herpes infection
TARAat i} virat replioation.'""‘ e L "HIV‘infectxon .
GRE/HRE glucocomcoxd mmeralocomcmd . ;_;erq;thoxmone processes e.g.
, - AR T Rt | TEITE S
MRE induced events . .| (byeast or prostate cell growth)
=7 Hearshock ™ [heaf shock Tesponse ‘x".;fj' Ce ﬁﬁi T s § "é ég ischemia,
RIS | St NNE M R o B R i IS
i0 [re i h)’poxla A j
‘ SR
- = wes=s Y SRE- <= == | growth-factor respomses = = = T celi p'i‘ﬁhfe?"ahonldxﬁ'erennauon
L, R =) RERE LI S
. g APZ l,‘.i,w.cAMP and protein kinase cell prohferation.;;
/ i o .reSponse retinoic acid response ,
’ B :— 'ste;.)l- -“f x;nodﬁéoo‘o of LDL choips;otol hypercholeStemlemia
N N fe s LI I .
response, ... _-receptor exXpression:-. . : % )iy {
- 15 -elemgnt- Bt S I
JIRE -~|. Transforming:grewth' factor beta - |icell growth, differentiation,
TGFb . - | inducedicélhar processes:. .. | migration, angiogenesis, intimal
responsive |2 .- D 2 - | hyperplasia, matrix generation,
: d
element ‘ « | apoptosis. ‘
- 20~ T [ ) "' * T TeTe
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on the targeted transcription factor, the indication, route of administration_ etc.

'I'h¢_le@t=h, structure, gn_d n};c!eo_tidg sequence of the decoy will vary depending

pr\r

example, targctod transcription-factors-frequently bmd with dlffcrcnt degrees of affinity

to a vancty of Sequences. norma]ly shanng a 'thgh degrcc of homology Accordingly,

one may choose to use a sequence associated with a particular target gene or use a

-5
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.consensus sequence based on the nucleotide at each site which occurs most frequently

in the binding sequences 10 which -the particular transcription factor binds. For

Les

. example, when targeting a host transcription factor involved in viral transcription, it
may be possible to minimize undesirable effects on host transcription is preferably by

empldying, the -viral-speeiﬁc binding sequence. Similarly, where transcription is

.-{UI

., mediated.by. a2 multimeric complex, it is often-desirable to target a single transcription
.factor to minimize effects on non-targeted genes. For example, in the case of Herpes
.. Virus transcription, one may target the viral VP16 without concomitant targeung of the

- promiscuous host Oct protein. .- - oL : :
;_10 . - In_addition o . -binding ; afﬁmty -the- decoys are:also ‘selected . for binding
.- Speclﬁclty . Desirably, the decoys will ‘be ~highly specific for the target transcription
factor(s) such that their effect on nontarget cells and neontargeted metabolic processes
of target cells are, mmumzed. Such selecnon is.accomplished in vitro by comparative
bmdmg to. known transcnpnon factors and.nuclear extracts and in culture and in vivo

- 15 by assaymg nontaxgeted cell, funct;on and effects on nontargeted.cell types.

BN

DA

: 'I'he decoys contain sufﬁcnentnucleonde ‘sequence to ensure target transcription

. factor bmdmg specificity and affinity sufﬁcxent for therapeutic.cffectiveness. For the

. Imost part; the target transcrxptxon factors will require. at least six base pairs, usually at

least about eight | base pmr§ for sufﬁcxent binding spec1ﬁc1ty and affinity. Frequently,

20 prov:dmg the decoys w1th ﬂankmg ‘sequences (ranging.from about 5 to 50 bp) beside

Co ;. the bmdmg site enhance bmdmg afﬁmty and/or speclﬁclty Accordingly, cis element

. _ ﬂankmg reéxons may be present and concateme: olxgonucleotxdes may be constructed
w:th senal repenuons of the bmdmg and/or cis element ﬂankmg sequences.

- L In one embodlment, the decoys are non-rephcauve oligonucleotides fewer than

25 100 .bp, usually fewer than 50 bp and usually free of coding sequence, being primarily

- from the non-cod.mg 5° regmn of a gene, Alternauvely, the decoys may comprise a

pomon of a la.rger plasmxd mcludmg v1ral vectors capable of episomal maintenance

or consntunve repllcanon m the target cell to provide longer term or enhanced

S

mtracellula.r exposure to the decoy, _sequence. .Plasmids are. selected based on

T Iod T

‘ :‘30 compatlbxhtv wnh the target cell, 51ze and restriction sites, rephcanve frequency, copy
‘ ' number mamtenance etc. For example pla.srmds with relatively short half-lives in the

target cell are preferred in situations where it is desirable to maintain therapeutic

transcriptional modulation for less than the lifetime of the target cell. Exemplary

-6-



WO 95/11687 ) PCT/US34/12339

plasmids include pUC expression vectors driven by a beta-actin promoter and CMV
enhancer, vectors containifig €lements derived from RSV or SV40 enhancers, etc. The

adeno-associated viral vector preferentially integrates in-chromosome 19 and may be

- PN

utilized for longer term expression.
5 “The .oligonucleotides which are employed may beé naturally ot:cux:ring or other
than naturally occurring; wher¢ the synthetic mu¢lectidés’may be modified in a wide
variety of ways, see e.g. Bichtiska-et al(1990) Scierce 250} 997. - Thus, oxygens may

be substituted with nitfogen, sulfur %6f éarben: ‘phosphiorus substituted with carbon;
deoxyribose substituted with other sugifs; or ‘individnal ‘bases substituted with an

10... unnatural-base. ‘In ‘eachdase,ahy change will'bé evahiated as to the effect of the
. = . ~modification‘on the binding-of the oligdfiuciestide to the targei frinscription factor, as
-l .well 'as any dsleterious physiological -effects’ “Thesé thodifidations ‘have found wide
applicatien for "anfi-sensé" oligormcleotides, ‘50 that* thexr saféty and retention of

binding affinity are well-estabtisheli-it the Tieranire. " Sée. 61 cxample, Wagner et al,,
15 Science 266:°1510:1513 ¢ 19937‘ rhe ‘strandis may be' syntheslzed' in’ accordance with
*-convéntional ways using phosphdrdinidlte‘synthéms commercxally ava.llable automatic

: synthesizéss atid thé Tike, | ® T 8 T sty e

7 3 » THe adrmimisteréed compo's?t'ions méy’cofnﬁnse mldmdugi br mixtures of decoys.

" Wsually thé mixtiré will not ‘exceed 4 dlfférent decoys usually not exceed 2. The
20 decoys aré administéred t6 a host’ ui 4 form perrmtﬁng ceﬁuiér mtemahmnon of the
décoys in an “athonht-siffictént to cbmpeutwely “fnhibit the Bmdmg of the targeted.

transcription factor to Aa éndogenous gene The host is typlcaIIy a mammal usually

" a’human. The'seléctéd methéd of admmxstrat:on depends prmcxpally upon the target

tell, the nature of the- decoy the- hosr, tHE iz of the decoy 'Exemplary methods are

25 described in the exampies beioW' 4dditional methods 1ncIudmg transfecnon with a

retrovirus, - viral® coat protem-hposome medxated transfectxon hpofectm etc. are
described in Dzau et’al.,"Trends ir Biotech 11,205-210 (1993).

- Where ‘admiinistered in liposothes, the décoy concentranon’ in the lumen will

generally be-in the range of about 0: T uM to '50 uM pcr dccoy, more usually about |

38 M to lﬂ uM maost 1\euaﬂv Aknm‘ k nM For ather Yprhnmn ac ué'_e.ll

okt — =

determine the apphcatxon rate emmealry, using convennonal techmques to determine

oo 2 - . PR

desired ranges.”

'



. WO 95/11687 . PCTNUSA4/12339

In some situations it may be desirable to provide the decoy source with an
... agent which targets the target celis; such as an anubody specific for a surface
mémbrane protem on the target cell. alrgand fora receptor on the target cell, etc. For

example for mtervennon 11_1 HIV infection, cells expressing HIV gene products or CD4

. 5 - mav be specrﬁcally targeted with gene product or CD4-spec1ﬁc bmdmg compounds.

Also where lxposomes are involved, one may wish to include proteins associated with

N endocytos1s w‘lere tne prorems bmd to'a surface membrane protem associated with

' endocytosrs Thus one ‘may use capsrd protems or fragments thereof tropic for a_

e T

partxcular cell type antlbod.les for proteins_which undergo mternalmtron in cycling,

10 "proteins that target’ mtracellular localization and enhance mt:racéllular half-hfe
! The application of the subject therapeutics are preferably loqal, SO as to be
restricted to a histological site of interest e.g. localized ihﬂaﬁiﬁuﬁtion, neoplasia or

RS e mfecnon Vanous techmques can be used for provrdmg the sub;ect compositions at the

' sxte of mtcrest, such as m_;ectron, use of catheters trocars, projectiles, pluronic gel,

lS stenIs sustamed drug release polymers or other device which provrdes for internal

.‘.kn. o T

access, or the hke Where an organ or tissue is accessible because of removal from

e ont e

L the pancnt, such organ Or. tissue may be batbed ina medmm contarmng the subject
‘compositions, the subject composmons may be pamted onto the orgé.n, or may be

apphed in any corvenient: way. Alternatwely, systemrc admmxstratron of the decoy

20 usxng e. g. lrpofecnon, ltposomes with. tissuc targeting fe.g. antibody), etc. may be

practrced Systemic admmxstratron is, mest-applicable where the distribution of the
—m ta.rgcte“' transenpnon factor is prunanly Iumted 1o’ targeted cell types, e.g. virus-

— ~

-~ 7 specific transcnptron factors limited to mfected cells mutant oncogemc transcription

factors lumted to transformed cells,etc. . B -

25 ;.7 . Optimal -treatment parameters will vary with’ the indicatioit, decoy, clinical
status, etc., and are generally determined empirically; usmg the guidance provided

=== " Herein. ‘Seévefal'exempldry indications, routes and vehicles of administration and decoy

- . combinations are-disclosed in the following table. .- - ..
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INDICATION | ROUTE -, | VEHICLE ... = .| PLASMID/OLIG

RS LUNENER LT e o

b gpi1604n :-° '+ TAR:containing

HIV infection  intravenous inj.

]
'
1
[y

Bt Too L neﬁ&ﬁ}‘lfpés‘éme's | oligo

v | neiumont | e 35| B
LoEa BRSNS ,(.-_: ‘wnh llp(;soﬁlés _4 N
PSR e A . [T 5 FI RS
3 lnﬂammatoz'yékmt ,topical- ¢ - <. L -pelymer.-: - 2 [ 2NFxB; E2F
‘ - dxscasc and CARIR WO maitio s fooe i ey 2dT

, sgn
. SECARIR U (BERBPE

dcrmau,us e

EEERIATELTIN AR CoN N (s LIRSS ob d Foy Rl

Hypercholesterot-* | inttdverions inj. canomc hposorncs stcrol responsive
. 12

o L T A BAARE 1.\,1 2 : by Jmmaeren Io)es
emia e portal’ Veii i m_; asxaloglycoprotem element to
23 neifer suosnof g i smvligoeniier CLTL Lol edlst o Do
YLl 3% = receptor targenng increase LDL
“iine FEERSN LG BRI I
ToLasLe S oo = w1th lipsomes ‘ receptors
. R SEESE LSRRI 150N I 4P
10 ._vsm byyéssg rafts | topical/intraluminal | polymer, ... :...4-E2F
TR APy IR e IPULI S  liposomes RS

- g}omcrulonq)hmis -intravénous;” : *°1 pol'ymcr? rEZF . NFKB

1.z uis 1. 2" .| intraremal :E - “liposofyes <+ [ T

2y

=R L e

myocardxal o mtracoronary liposomes, - _NFKB, E2F, AP-1
powe alot hetnsta v lnn SR A
infarction 4 .. .| Polymer

organ transplant-.--| intravascular, ¢x-- | liposomes,.. ' | NFxB <
15 esp. cardiac/renal .| vivo .- ----. | polymer

AR

- P R ITIE .
A wide variety 'of indications may- be treated; either prophylactically or
therapeutically with the subject compositions. For example, prophylactic treatment
may inhibit mitosis or proliferation or inflammatory reaction privi v a stimutius which

20  would otherwise activate proliferation or inflammatory response, where the extent of
proliferation and cellular migration may be undesirable. Similarly, a therapeutic

application is provided by a situation where proliferation or the inflammatory response
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-~

_is about to0 be initiated or has already been.initiated and is to- be- conwrolled. The
methods and compositions find use, particularly in acute situations, where the number
of adrmmstratlons and tlme for administration is.relatively limited.
, . Conditions for treatment include such conditions as negproliferative diseases
3 - mcll.dmo ,mﬂarnmatory disease states, where -endothelial cells, -inflammatory cells,

. glomerular cells may:be.involved, restenosis, where vascular smooth muscle cells are

mvolved myocardxal mfaretlon, where heaeruscle cells may be involved, glomerular

nephnns, where. kidney cells are. mvolved hypersensitivity such as transplant rejection

. where hematoporenc cells ‘may be mvolved, cell activation resulting in enhancement
| ' 10 of express:on of adhesnon molecules where leukocytes are recruited, or the like. By
. admrmstenng the decoys .t0. the. organ ex-vivo prior to-implantation and/or after

xxnplantauon, up regulatxon of the adhesxon molecules may be mlubxted Adhesion

.~

molecules mclude hommg Teceptors, addresslns, mtegnns -selectins; and the like.

The follomng_examples,are offered by way of.illustration .and not by way of

v e s -

LT EXPER_IMENTAL L
B SR e o Sce S T
) Examgle Transfectron of E2F Decoys mto Cultured Cells

Lo

n For the nuclear extracts vascular smooth _muscle cells.. ("VSMCs") were

= K L2

: ., 20 surnnlatcd by serum untxl conﬂuent After conﬂuent, the cells were made quiescent
S by placlng in, ;cmm free medmm for 48 h. After the transfecnon of decoy
' ) ohgodeoxynucleondes ("ODN" 14 bp, (SEQ ID NOS 01 and 02)) essentially as

descnbed in Morrshrta et al (1993) Proc Natl Acad. S’cx USA 90, 8474-8478, cells

were strmulated by 5% serum After 6. h, RNA was extracted by RNAZzol (Tel-Test

Ce
b

_ 3_25 Inc Texas) Chomczynskl and Sacchr (1987) Anal Bzochem 162 156-159 Levels of

' '“_ '"_ PCNA, cdc2 and beta-actm rnRNAs were. mcasured by RT-PCR -(Morishita et al.
| ( 1993) supra) The PCNA pnmer (nucleoudes 150-177 of rat PCNA cDNA) and the

cdc2 5’ primer (nucleotides 54-75 of human cdc2 cDNA) were previously described
(Morishita et al. (1993) supra) The pnmers complementary to the rat beta-actin gene

30 were obtamed from Clontech Laboratones Inc. (Palo Alto CA) Aliquots of RNA
j were ampllﬁed sunultaneously by PCR (30 cycles) and compared wrth a negative

srivw A 4 -

contr.ol (pnmers wnhout RNA) Amphﬁcanon products were ¢lectrophoresed through

"

2% agarose gels stamed wnh ethidium bmnude A gel mobility shift assay was

C - -t

I \
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performed as previously described (Horiuchi et al., J ‘Biol. Chem. 266. 16247-16254

C(1991).

The 14 bp-dduble-strand ODN, (SEQ ID NOS: 01°and 02) effectively abolished
the binding ofthe E2F transenpnon “factor to a specxﬁc binding sue in serum
stimulated VSMCs. - See-also, -Hiebert €t al. (1989) PNAS 86, 3594. Transfecnon of
the E2F decoy ODN markedly" inhibited’ the” indiktion’ of ‘z-fiy¢, cdc2 and PCNA

- mRNA expression in Téspomisé 1o serifin Stimulatioti- The E3F decoy ODN had no
. ~&ffecton-beta-actin mRNA' eiﬁressiori:"*‘l-'ﬁrd%i‘i’hb‘r'e‘tﬁg Eéhtiéol tissense E2F element
- ODN-¢ontaining two- base pair-siibstitutivns thaf eliminate E2F bmding failed to inhibit

- thé induction ‘of ¢-myc, ¥dc? and PCNA RNA “expression m reSponse to serum

* stisauldtion:” In'&ssociation ~With' effective’ inhibitiofi of celf cyc]e ‘regulatory gene
" expressior, ‘ransfectioft of the’14' bp E2F de“cb& aléo” abollsﬁea serum-stimulated

VSMEe prohferandn In ‘cdnﬂ’ast, {He Thissenise EZF eTemem ODN (SEQ ID NOS:03
and 04 had no effect ot x’ﬁitogenesxs ‘indticed by serimn, R _ o

To further confirm the specificity of this response fo the E2F deeoy, a30bp
double-stranded ODN (SEQ ID NOS 05 and 06) which contained two 8 base pair E2F
cis elements capabiew of specxﬁc bmdmg to E2F was employed (Weintraub et al.,
Nature 358 259 261 (1992‘))— In ibe 30 bp E2F dcc’oy the fxﬁh nucleotide of the 8 bp

......

sequences and nucleotxde composmon, both 'E2F decoys effecuvely bmd E2F and
inhibit serum- snmulated vascular smooth muscle Cell (V SMC) prohferaIxon Moreover,
a30 bp mssense Ezir elemeﬁt ODN (SEQ ID NOS: 07 and 08) thh 5 bp substitutions

. [ - i
With the 8 bp~ E2E¢ consensus elements fails 16 bmd EZF and also fmls to inhibit

‘serum-stimulated VSMC prohferanon Thus these in vz;ro stuch_es documented that
transfection of the E”F ¢is element decoy ODN binds the EZF transcnpuon factor,
blocked 'the mducnon of celI cycle regulatory gene expressxon and 1nh1blted VSMC

2

prohferatmn in a sequence specxf 1c mannér o
R e - T R N S

=T vy PO R B

o
N

; @(_PILQ E2F Decovs In VlVO

ToeAe L C °
LlpUhUule WCI'C prcparcu db Luuuwa ruuspuauuylscrm:: pﬂObpﬂdUleCﬂOlme

‘and cholesterol Weré Tnixed in a wexght rauo ( 1:4. 8 2) 10 create a llpxd mixture. Lipid

" 7Nvas hvdrated in"a balanced salt solunon comalmng ODN (SEQ ID NOS:01-02)

(l 10 nmol). Purified HVJ‘(Z) strairi wa¥ mactxvafed by uv’ radlauon Just before use.

-11-
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The liposome suspensmn was mlxed with HVJ (Z strain) (20,000 hemagglutinating

' umts) mcubated then free HVJ removed by sucrose density grad:ent cenuifugation.

The ﬁnal concentratxon of encapsulated DNA was calculated as previously reported
(Monshlta et al. (1993) supra) This method results in a more rapid cellular uptake
and nuclear concentranon leadmg toa lOO-fold hrgher transfectxon efficiency of ODN
than hpofecnon or passxve uptake methods

. v

The sequences of the phosphorothroate ODN utxltzed_

decoye 1' ' ' 5' CTAGATTTCCC’GC’G 3¢ (SEQ ID NO:01)

COSTem TET L L 37 L TAAAGGGCGCCTAG- 5“(SEQ ID NO:02)

" nismatchedil t S"*JéTAGA'r'ITc.G_AGCGas ’ (sno‘ 1D NO:03)
.o e ... .. .3%-TAAAGCTCGCCTAG- S5, (SEQ ID NO:04)

e v - 1t

.«i*"7 We also‘examitiéd dnother set of decoy ODNs'containlhg ™o binding sites:

-~

<<<<

: -ée’cey's’-”z} s' -GATCAAAAGCGCGAATCAAAAGCGCGAATC 3’ (SEQ ID NO:05)

Cywlaes Lo -CTACTITTCCCGCTTAGTTITCGCGCTTAG=5* (SEQ ID NO:06)

A ~

mis-’ - . s 5'-CGATCARAGAACTGAATGAAAGAACTGAATC-3” (SEQ ID NO:07)

20_ matched l 3’ -CTAG']Z'I'I'CITGACTTAGTI‘TCTTGACTTAG 5! -(SEQ ID NO:08)

P DIl ;~

©ARL e ER & S . : Ly i

Rat aortrc VSMC (passage 4-10) were studred ina conﬂuent quiescent state
m serum-free medra (Monshlta et al . Clm Invest 91 2580-2585 (1993)). The

- cells were mcubated wrth hemagglutmatmg vu'us Japan (HVJ) ltposomes 3 M) at

25 4°C for 5 mm and 37°C for 30 mm Three days after transfectxon in either calf

(Coulter FL)

30

B observed in any ammal undergomg thxs procedure

Femne- PR

s

------
2 -~

serum (CS) or serum-free medra cell number was determmed by Coulter-Counter

- -

"-' . Vs e ~
ar

i Example 3. Effect of decoy ODN on in vivo gene exgress;on,

A 2 French Fogarty cathieter’ was. nsed to induce vascular injury in male

A -

- _Sprague-Dawley rats (400-500 g; Charles River Breedmg Laboratories) (Hanke et al.,
- Circ.- Res.” 67 651-659 (1990)) These rats were anesthenzed and a cannula

mtroduced into the left cormon carotld via the extemal carotxd artery After vascular
mjury of the common carotxd the distal m_;ured’ segment was transrently isolated by

ternporary hgatures The HVI complex was infused mto the segment and incubated

.

for 10 min at room temperature No adverse neurologtcal or vascular effects were

-12-
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For RNA analysxs vessels were harvested at6 h, (c -myc and beta-actin) and
one day (cdc2 kinase, PCNA and beta-actm) after transfectlon RNA was extracted
from mismatched or E2F decoy DN (3 uM) treated mJured or untreated intact
vessels by RNAzol (Tel Test Inc 1'I’X) 'RT-PCR was performed as described above.

For BrdU staxmng, "BrdU was mJected mto rats (100 mg/kg subcutaneous and

30 mg/kg mtrapentoneal at 1[8. h;rtor and then 3(5 mg/kg mtraperuoneal at 12 h prior

.'A

to sacnfice (Hanke et a.l ugra)) Rats were sacnﬁced after day four after
N >

transfectxon -The caroud artery was " removed after perfusxon—ﬁxauon with 4%

_paraformaldehyde.,land. processed for unmunohlstochemtsny in a standard manner

using ‘anti-BrdU antibodies-tAmersham). The proportion of BrdU positive cells was
determmed by. cell- eounts under Jight microscopy: in:a blinded fashion.
Transfection 'procedures were descnbed above H)’J ODN complex (G uM)

;was adnumsmm_clanto.the rat éar"onam:mred?.artenes ‘At two weeks after transfection,
~rats were -sacrificed and vessels” were- perﬁ:sxcn—fued thh 4% -paraformaldehyde.

o P

~ Three individual: seetmns.'from the mddfe -of transfected segments were analyzed In

addttlon three secuons from the xmddle secnon o{ the m_;ured untransfected region

e a'

were also analyzed Ammals were coded SO that the of)erauon and analysis were

ST el -l e

pert'ormed thhout knowledge of whxeh treatment xndxvndual ammals recelved Intimal

14“ w .'....L\ H 2

: and medxal areas were m&sured on a dtgmzmg tablet (Sout.hern Mlcro Instruments

-"‘t‘/'.-

i GA3 Analysw of vananee w1th subsequent Duncan s test was used to deterrmne,_

BN%- RS )
sxgmﬁcant dtfferenees in multxple eomparxsons P < 0. 05 was consndered significant.

The scrambled and progesterone responsive element (PRE) deeoy sequences

utilized as control ODNs are as follows

. FURUS
Scrambled‘“" 5" -TCCAGCTTCGTAGC—B "(SEQ ID “NO: 09)
decpys <ou T- Ol 3¢ =GAAGGATCGATCG -5/ (SEQ- TD'NO:10)

— . ]

PRE: ! rS”‘*—GATCCTGTACAGGATGTTCTAGCTACA 3'%(SEQ ID NO:11)
. L 3! CTAGGACATFTCCTACAAGATCGATGT 5’ (SEQ ID NO:12)

. At one day after balloon mjury mRNA levels of c-myc, cdc2 and PCNA were

[

elevated m caroud vessels transfected w1th the control xmssense EZF element ODN

' .as detected by RT PCR However m vxva transfectton of the EZF cxs elernent decoy

UDN resulted ma marxea uecrease m c-myc cac; anu rbl‘lt\ mmw'. tevels 10 Dareiy
detectable Jevels sxmﬂar to unm;ured vessels Moreover the E2F cis. element decoys
significantly mhtbtted bromodeoxyundme (BrdU) mcorporatxon (a marker of DNA

synthesis) within the vessel wall at 4 days post-injury as compared to the missense

-

-13-
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E2F ODN matenal I-‘urthermore transfecuon of the E2F decoy ODN (n=8) resulted

in a marked supprcssnon of neomttma formauon ar two weeks after angioplasty

'. compared to vessels treated with the HVJ—hposome complex alone (n=5) or
. . rmsmatched .control decoy ODN-treated vessels (n 8) The selectivity of the decoy
5 ODN effect was further conﬁrmed by the fact that the inhibition of the neointima
. formatlon was hrmted to the Aarea of 1ntralummal transfection (neointima/medial ratio;

" transfected lestons | o 291 # 0.061 vs. untransfected lesions.= 1.117 =+ 0.138,

v

P <o0. 01) In conn'ast the adJacent injured carotid. segments outsxde the area of

_ decoy transfecnon exhibited neomtxmal lesrons sumlar to, the mrsmatched ODN-treated

th control Moreover, Lnetther transfectton of scrambled _decoys (14 bp) nor the

' progesterone response element decoys (27 bp) (Klem-Hupass et.al., Cell 60, 247-257
(1990)) resulted m the mhrbmon of neointima formation.

’ The specxﬁcxty of the tnhrbltory effect of the decoy ODN against E2F on

e b neomtuna mformauon is supported by several lines of ev1dence _ (1) the two different

15 E2F decoy ODN bind to the_ E2F transcnpnon factor Ina sequence specxﬁc manner

and transfectlon of the E§F decoy ODN completely mhxbrted VSMC proliferation

o m vztro whereas the mxsmatched ODN drd not (2) the in vitro and in vivo

~~~~~~

expenments documented that the E2F decoy ODN select;vely'mhxbrted the expression

20 transactxvated by EZF but not beta-actm (presumably, other EZF transacnvated genes

such as c-myb mxght be mhxbtted) (3) the EZF decoy ODN spectﬁcally reduced a
’ quantxtattve marker of cell cycle progressxon tn vzvo (BrdU labelmg) (4) the
admrmstratxon of the E2F decoy, but not rmsmatched ODN marlcedly inhibited
‘ neomnma formanon (5) the prevennon of neomnma mformatlon was limited to the
‘ .2_'5 h area transfected thh the decoy ODN and (6) nerther scrambled nor PRE cis element

decoys mhrbxted the neomuma formauon S o .

4 - - - 3]

. Example 4 Expressron of Remn in Cultured Submandlbular Gland (SMG)
Cell Line - ) . .

' 30 " To evaluate the molecular mechamsms whrch regulate tissue specific renin gene

' expressmn, we employed a cell lme (SCA—9) derlved from a SMG tumor. This line,

Sl

dertved from a two remn gene mouse (Swrss Webster) has been reported to contain

-L-.- -

renin. Usmg mmunohrstochexmstry and pnmer extension analysns we confirmed by

-14-
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=¥ A

immunohistochemistry that this cell line expresses renin. Moreover consistent with
the SMG origin of this cell line, only the Ren2 gene is transcnbed To elucidate the
mechanism behind the Stlencmg of the Renl gene in thts cell lme we examined if the
negative response eletnent ‘NRE, btndmg protein was present in these cells. Nuclear
extracts were- prepare'd ‘from cultured SMG cells and gel mobthty shift assay was
performed using 32p:NRE Ohgonucleonde as ‘a probe A specxﬁc protein: DNA
complex was obServed‘ ‘which- could‘be specxﬁcally competed w1th unlabeled NRE

- -3 .. - f
t,.".' 1 SO T R e S e SO U PRV

oligonucleotide:

' These results Esh'c';'vgi}»f.ha"t"“"th’é:’flattei':n' of ‘tenin 'Eip:rESsion in.this cell line is
similar’ fo that seen m the SMG in” v1vo va'fidatmg the use of these cells for studies

IS ST, Pt

of the ?nechamsm by Wthh ferin expressmn 1s regulated o
S RS T [oNE oI SR SUN i STt B SIVE MM I BT g

_l

Vi - SATE T e e
Y a‘r‘-\“— d.4~

- Ex gle 5 Use of "Decoy to Valtdate the Importance of Cis-Trans
AR SR SRS '.‘ T RiNE (')Q Xﬂa ‘rﬁAu-' S0

Interacttons i . S
e IO sl ot 130 K z

We exatnmed the feasxbtltty of the "decoy" approach to test whether the
3 oensik . -

N'RE NREbtnding prbtem tnteractton is responsxble for the sﬂencmg-of the Renl gene

€ty : SO0 LA S Sl TP M

m the SMG and m the cell hne denved from the SMG. This assav lS based on the in

. -, TN o e -~ gy
i-?-"‘.‘""" v "' ’ & M -Aqw!..L~.r\l( R

‘vivo competmon for trans actmg factors The competmon is between the endogenous
- 3 el IR s . ;

cis elements found 1n t.he target gene and exogenously added ‘_ohgonucleoudes

e 7Y “anme T Sergy 1T

conespondmg to that ClS sequence Thts competmon wxll attenuate the authentic cis-

e

: trans mteracuon result in the removal of the ttans factors from the cis element, with

"25

(V3]
©

Cles teomsinn Lo

the subsequent modulatton of gene‘expressmn ey

AR FTTC labeled double stranded ohgonuclcott_de (33 mer) correspondtng 10
_the NRE were mn'oduced mto the SlviG cell hne usmg thé I‘-ﬁ}%hposome technology.
The cells were mcubated w1th HVJ hposome contammg NRE decoy at 4°C for 10
minutes and then at 37°C for 30 mmutes “The cells readily took up the oligomers as
evidenced by the tntense ﬂuorescent sxgnal whtch was locahzed in the nucleus (Figure
IC)'Z: The cells were harvested '24 hours later RNA was prepared and subjected to
the prtmer extensxon analysxs to examme the expressron of the Renl and Ren2 genes.
Cumaau—uk with our uypuutests. tntroaucuon of the Nt{l: setgpences into these cells

résulted in the tnclucuon of Renl gene expressmn The expressxon of the Ren2 gene

was not tnﬂuenced by the adnnmstratton of the NRE ohgonucleottde

e PPN

-15-
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These results show that NRE:NRE binding protein interaction is responsible
for the silencing of Renl expression in this cell line and demonstrate the feasibility of

using the "decoy” approach to examme the cxs-trans tnteracuons responsible for the

regulatton of renin gene expressxon

Example 6. In Vivo Gene Transfer into the SMG

_We transfected 10  ug. of our expressxon vectors ‘into the SMG of a DBA/2J
mouse usmg the HVJ-Ltposome-DNA~ eomplex as_describe above. This was
aecomphshed by 'mjeeung directly into-multiple reglons of the gland with a total
volume of 100 ul using a 27 gauge needle.. T'hteg days aﬁer transfectxon, the SMG
was removed, homogenized and the supernatant .assayed .-for . CAT activity.
Transfection of pUtk-CAT direéted the expression of CAT (Horiuchi et al. (1991)
supra)_.' The Ppresence of:thEReanba, ft:egtnent: '(eontnihihg;the CRE/NRE region)

‘decreased CAT expression by approximately 90%. Deletion -of the NRE sequence by

in vitro mutagenesis resulited” i 1n the recovery "of . CA,l expressxon These results

-7 =

demonstrate that it is possmle 10 use in v1vo gene transfer to examme the expression

of genes in the SMG in vive, -« i+ - eemiloie

soeae

It is evident from the above reeults that the sub_]ect"methods and composmons

_prowde opportunities for- preventmg m_mry from asute’ prohferanve diseases or

diseases involving express:on of protems, _such as protems associated with cell
division, adhesion and/or mtgratton ’I'hus tﬁe subject methods and compositions can
provide safe prophylactic and therapeuuc treatments for a number of diseases

associated with cellular proliferation and” mﬂammatton, resultmg in pathogenic

conditions. e ; '."'.;.3__ _._'_-.‘

All publications and patent applie:ations‘ei'ted in" this specification are herein
incorporated by reference as if each individual pubhcatxon or patent application were
specifically and individually mdlcated to be mcorporated by reference

Although the foregomg mventton has been desenbed in some detail by way of
illustration and example for purposes of clanty of understandmg, 1t will be readily
apparent to those of ordinary skill in the art m hght of the teachmgs of this invention

that certain changes and modifications. may be made thereto thhout departing from

the spirit or scope of the appended claims® .71 -

-16-
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. (B) TYPE; nueleic acid. .. S -
(CY STRANDEDNESS: dtuble’ s - :
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(1) MOLECU'I..E IYPE: cDNA , , . i )
{x%i) SEQU'ENCE DESCRIPTION SEQ ID NoO: 1:
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CTAGA'I""I‘CC CGCG ) 14} . - i ‘ »
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(D) TOPOLOGY: linear -

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ.ID No:3: - .-

GATCCGCGGG AAAT 14 ST e
(2) INFORMATION FOR SEQ ID NO:3: e
(i) SEQUENCE CHARACTERISTICS: - . - -_ .
(A) LENGTH: 14 base pairs
(B) TYPE: nucleic acid R . IS
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA i T
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: . . .= - ‘&
CTAGATTTCG AGCG 14 R D
(2) INFORMATION FOR SEQ ID NO:4: C e e
(i) SEQUENCE CHARACTERISTICS:. .. - .o . . wv oo s

(A) LENGTH: 14 basé pairs ' - -~ - =~~~ ©r°
(B) TYPE: nucleic acid _ .. . s _—
(C) STRANDEDNESS: double s oo o

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA PR T o e o
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:'[ _ . 5..75
GATCCGCTCG AAAT 14 L .
(2) INFORMATION FOR SEQ ID NO:5: . . -
(i) SEQUENCE CHARACTERISTICS: . .. .. ... . ... ....
(A) LENGTH: 30 base€ ‘pairs - ~-[J&-L..7.00% =m0 o .
(B) TYPE: nucleic acid .- -
(C) STRANDEDNESS: double . o= -
(D) TOPOLOGY: linear ’
(ii) MOLECULE TYPE: cDNA Te T Se s ' o
(xi) SEQUENCE DESCRIPTION: SEQ IP NQ:S: . = .7 ..
GATCAAAAGC GCGAATCAAA AGCGCGAATC 30 Trlonlnl
(2) INFORMATION FOR SEQ ID NO:6: .. ,
(i) SEQUENCE CHARACTERISTICS: .  _. _ . .
(A) LENGTH: 20 base pairs ‘- T : T
(B) TYPE: nucleic acid . c
(C) STRANDEDNESS: double - - F
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA AR
(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:6: - .~ . .1 = . ‘7 ‘-
GATTCGCGCT TTTGATTCGC GCTTTTGATC o ot f’:’_ IO .
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(2) INFORMATION FOR SEQ ID NO:7: . ) -

(1) SEQUENCE CHARACTERISTICS: _ .
(A) LENGTH: 30 base pairs i
(B) TYPE: nucleic acid . .-
(C) STRANDEDNESS: double o
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA T CoLTLT
SEOVUTELT
(2) INFORMATION FOR SEQ ID NO:8: o e - :
(1) SEQUENCE CHARACTERISTICS: e
(A) LENGTH: 30 basé: pairs -.0 “077 R A =
(B) TYPE: nucleic acid . e .
(C) STRANDEDNESS: double TeE e -
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA SELUTDOITOQET RTU MIITL p200T
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:
GATTCAGTTC TTTGATTCAG TTCTTTGATC Y
(2) INFORMATION FOR SEQ ID NO:9: Nl iz mare too e
(1) SEQUENCE CHARACTERISTICS: . . bi ot zeemeen
(A) LENGTH: 14 base paifg "~ -~~~ -7 =--o 227000
(B) TYPE: nucleic acid ;- —gaa Eeero
(C) STRANDEDNESS: double -
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: cDNa Tt emE R -
2R L
(xi) SEQUENCE DESCRIPTION: SEQ ID Na:ig: .
TCCAGCTTCG TAGC 14 :- .
O N
(2) INFORMATION FOR SEQ ID NO:10: L B
(1) SEQUENCE CHARACTERISTICS: . . T S T
(A) LENGTH: 13 bas€ pairs - '~ -~ - == === - .
(B) TYPE: nucleic acid . S oammeTeL st e ez e
(C) STRANDEDNESS: double Tt oo
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA v -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1DY LT
GCTAGCTAGG AAG 13 STl L AT o
{2) INFORMATION FOR SEQ ID NO:11: Lo L meze
(i) SEQUENCE CHARACTERISTICS: o e mee s
(A) LENGTHE: 27 base pairs e T -
(B) TYPE: nucleic acid . e e ap oS

(C) STRANDEDNESS: double

-19-
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(ii) MOLECULE TYPE:
“(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GATCCTGTAC AGGATGTTCT AGCTACA 27

(D} TOPOLOGY: linear

L e

T

(i) SEQUENCE CHARACTERISTICS:

3 (2) INFORMATION: EOR. SEQ-ID NO:12:.

(A) LENGTH: 27 base pairs
.(B). TYPE: nucleic acid

cDNA

P

“|€) 'STRANDEDNESS : ‘double
(D) TOPOLOGY llnear .

iy MOLECULE mza _cDNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
27,

TGTAGCTAGA ACATCCTGTA CAGGATC

T

o

- -
JRY PR
- e
Iy . e
N -
P Y ba
P - -
B - -
- <
- )
PR *

.
B
"
5
R
e
o -

< . .

Ve . -

a

‘.I
Ry .
e ey
(Sl - -
.
“
-~ -
. 3.
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WHAT IS CLAIMED IS: . ,
1. A method of modulating gene traﬁscriptioﬁ in vivo within mammalian cells,

said method comprising:

contacting a mammal with a composmon compnsmg dsDNA havmg a sequence

speciﬁc for binding to a transcnpnorr factor which modulites the transcnpuon of at

R

least one gene, - '_" et puts

whereby said dsDNA is mtrpduced into the nucle} of saxd cells in an amount

sufficient to competitively inhibit the bmdmg of sald trénscnptlon factor to said gene,

2

Do

whereby the transcnpuon of sald gene is modulateq

- - > s e TN Y

Ja=s~ ,-»-‘-‘».-

P - = Vo~ -

s o~
R

2. A method according to Claum 1, wherem sali:i dsDNA is cabable of epxsomal

replication in said cell.

3. A method according to Claim 1, wherein said dsDNA consists essentially of
oligonucleotides less than 100 bp in length.

4. A method according to Claim 1, wherein said composition further comprises

liposomes and said dsDNA is contained within the lumen of said liposomes.

5. A method according to Claim 4, wherein said liposomes comprise lipid and a

viral coat protein.

6. A method according to Claim 1, wherein said transcription factor is E2F, AP-1
or NFkB.
7. A method according to Claim 1, wherein said cells are vascular smooth muscle

cells, rumor cells or endothelial cells..

8. A method for treating a mammalian host to prevent restenosis, said method

comprising:
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. !
.inn-oducing dsDNA into vascular smooth muscle cells at the site of a.vascular
lesion, said cells capable of resulting in restenosis as a result of neointima formation,
in an amount to inhibit said neointima formation, ' i
. whereby said dsDNA is charactenz.ed by havmg a sequence specific for: bmding
5 to a transcription factor which modulates the transcnpuon of dt least one gene, where

the transcnpnon product of sard gene 1s necessary for prohferanon of said cells

9. A composition compnsmg a v1ral coat protexn-llposome eontarmng dsDNA m

SRR the hlﬁlrx;xen"oif sérg i;nesonre in"a physxologrcally actceptable ‘medium, wherern saxd

‘ 10 dsDNA is characterized by having a sequence specific for. binding to a Iranscnpnon

o meewr ... .. .-.--factor,.. wherein.-said. transcnptron predr.ct of«-sard gens - rs necessary -for cell
e pmuﬁerauon, N .'.' L. .".. .'ﬁ.,."r . ','f. L . “:..

vy 1'0." l\ cbmposmon accordmg to. Clalm 12 wherern sard viral coat 1!5 from the

15 herhagglmmatmg vn‘us Iapan ﬂ o ';"_“ ‘ ,f, - 'q"'j'_‘ ’ : ;

A1, ] A composmon accordmg to Clann 12 wherem sard transcnpuon factor is E2F
AP"];GINFKB . AN 2 e e 1 < N L _: .‘-_\)r ' i

[ e . .- S PR
R s e . PO A A, e, o A
N . sl AR, ST T z VoL

[ - ™o

20 12. A composition according to Claim 12, ‘whérein ‘said dsDNA is at a

coucenn'auoninthe range of aboutOlto p10 I S N S '
e RS- ~ P 5 i
IR S ¢ ) LTl Do NI RN, -, R i
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